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Development of drug products from natural sources enable advantageous treatment and 
therapy options. Bioactive compounds in Ganoderma lucidum spore powder (GLSP) 
are known for vast antibacterial, antioxidant and anti-cancer properties. Herein, we 
studied the use of dual-probe ultrasound to extract triterpenoids from GLSP and further 
investigated the bioactivity of resulting products. FTIR results confirm the presence of 
key peaks although dual-probe ultrasound varied extraction efficacy. Response surface 
methodology (RSM) was used to optimize extraction conditions (55:28 for solvent to 
solid ratio, 10.38 seconds of ultrasound time and 94% v/v of ethanol concentration). 
HPLC-Q-TOF-MS confirmed the presence of 9 different compounds and in vitro tests 
confirm good biocompatibility. Extracts are shown to inhibit DPPH radicals, reaching 
a maximum (61.09 ± 1.38%) at triterpenoid concentrations of 600 µg/mL. Dual-mode 
assisted extraction provides an enhanced approach for active embedded fiber 
production on a scale favorable to industry when using optimized process parameters. 
Furthermore, triterpenoid extracts show antibacterial properties on S. aureus and E. coli 
with potential in antibacterial and anticancer applications. 
 










1. Introduction  
There is increasing interest in the development and application of natural 
phytochemicals as potential chemo-preventive agents in the healthcare remit, in 
pharmaceuticals and cosmetics 1-3. Some phytochemicals have been evaluated and their 
potential in clinical use has been successfully portrayed. For example, paclitaxel 
analogs and vince alkaloids have been used in chemotherapy for decades 4. Ganoderma 
lucidum is a traditional medicine that is commonly used to promote health and longevity, 
especially in Asia 5. It is used to in a range of applications including tumor treatment 6, 
anti-aging effects 7 and in the prevention of neurological diseases 8. G. lucidum spore 
powder (GLSP) is the spores of the G. lucidum. These spores are small oval germ cells 
that are expelled from the fungi during growth and maturation 9. They contain all the 
genetic material of G. lucidum and therefore have all the health benefits 10. Recent 
research has confirmed that G. lucidum spores (GLS) have multiple functions including 
blocking histamine release, inhibiting the over-stimulated immune system, and 
regulating cell and humoral immunity 11-13. These results demonstrate that GLS have a 
variety of physiological functions related to the diversity of its biologically active 
components 14, 15. GLS contains many biologically active ingredients such as 
triterpenoids, polysaccharides, alkaloids, amino acids, enzymes and proteins 16, 17. 
Triterpenoids, a main component of GLSP, have been found to have a wide range of 
pharmacological activity 18. There are very few studies concerning extraction of 
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triterpenoids from GLSP and therefore it is important to explore its constituents and 
bioactivity. 
There are various methods that are used to extract compounds including but not limited 
to reflux, maceration and soxhlet extraction. Conventional extraction methods for 
triterpenoids are time consuming and utilize excessive volumes of solvent and achieve 
low extraction rate19. In contrast, ultrasound-assisted extraction (UAE) techniques 
present a sustainable alternative extraction method using less solvent and energy20. 
Acoustic cavitation induced by ultrasound is capable of breaking cell walls of plant 
matrix, enhancing the release of bioactive compounds from the matrix21. Ultrasonic-
assisted extraction has many advantages over more conventional methods, including 
but not limited to shorter processing times, reduced solvent usage, higher extraction 
rates, more economical extraction processes and improved product purity22. Process 
parameters and solvent parameters affecting the extraction rate of ultrasonic extraction 
include feed-to-liquid ratio, solvent concentration, ultrasound time and ultrasound 
frequency. Recently, multi-mode ultrasound has been presented as an effective method 
to improve product extraction rates 23. While ultrasound extraction may be expected to 
improve the extraction yield, triterpenoid compounds obtained from GLSP using two 
different frequencies ultrasonic treatment for a higher extraction rate is needed. 
Response Surface Methodology (RSM) is an effective statistical tool for optimizing 
complex processes 24. It is widely used to optimize the extraction of polysaccharides 25, 
anthocyanins 26, phenolic compounds 27, proteins 28 and triterpenoids 29 from different 
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plant materials. However, RSM can be applied to optimize species-specific compound 
extraction using ultrasonic parameters (i.e. extraction temperature, power percentage 
and exposure time).  
In this study, the main objective was to investigate the effect of UAE variables (solvent 
to material ratio, ultrasound time and concentration of ethanol) using two different 
frequency probes for ultrasound-assisted triterpenoids extraction from GLSP. Two 
different probe positions were assessed; parallel and perpendicular. The values of the 
variables were then optimized using RSM to obtain the maximum yield of total 
triterpenoids in GLSP. Subsequently, component detection and bioactivity 
characterization of the extracted compound was performed. In order to study 
triterpenoid antioxidant activity, a DPPH experiment was carried out and antibacterial 
activity was analyzed using the disk diffusion method. The biocompatibility of extracts 
to L929 cells and Hela cells was also examined.  
 
2. Materials and methods 
2.1 Materials and reagents 
Dried GLSP was received from Tianhe Agriculture Group (Zhejiang, China). Ethanol 
and glacial acetic acid were purchased from Taicang Shanghai Test Reagent Co., Ltd. 
(Jiangsu, China). Perchloric acid was purchased from Shanghai Wokai Biotechnology 
Co., Ltd. (Shanghai, China). Oleanolic acid was purchased from Adamas-beta 
(Shanghai, China). Vanillic was purchased from Shanghai Aladdin Bio-Chem 
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Technology Co., Ltd, LTD (Shanghai, China). All the reagents used were analytical 
grade.  
2.2 Ultrasound-assistant extraction 
In the study, two different frequency ultrasonic generators were used to assist in 
triterpenoids extraction. A schematic diagram of the experimental setup of dual 
ultrasound extraction device is shown in Figure 1. Two transducers, U1 (Φ = 13 mm, 
20 kHz, 200 W, Sonifier 250, Branson Ultrasonics Co., Ltd) and U2 (13 mm, 15 kHz, 
600 W, Shanghai Yanyong Ultrasonics Co., Ltd), were used.  
In order to investigate effect of the position between two transducers, they were fixed 
at transvertical position U1 and U2. For parallel treatment, U2 was moved to the position 
of U2*, as shown in Figure 1. The metal container (205 × 205 × 200 mm) was filled 
with water. The effects of the relative position of the two probes were compared.  
Four factors were selected to analysis their effect on the yield of triterpenoids from 
GLSP through single-factor experiments:  1) relative position of dual frequency, 2) 
solvent to material ratio, 3) ultrasound time, and 4) concentration of ethanol. During 
the entire experiment, when one factor was changed, the other three factors were kept 
constant. Different concentrations of ethanoic solutions were prepared by blending 
ethanol with distilled water.   
2.3 Fourier transform infrared spectroscopy 
Fourier Transform Infrared (FTIR) spectroscopy (IR Affinity 1, Shimadzu, Japan) was 
used to compare the effects of different number of ultrasound probes and relative 
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position on the chemical structure of extract. Samples were prepared using the KBr 
pellet pressing method using 20 MPa of pressure and were scanned across the range 
was 4000-400 cm-130.  
2.4 Experimental design 
2.4.1 Box-Behnken Design 
Box-Behnken Design (BBD) was used to determine the optimal conditions of UAE. 
The study of the influence of all the defined independent variables was carried out using 
a one-factor-at-a-time program; to determine the initial range of the processing 
variables. Based on the above single-factor results, three major independent variables 
were selected: solvent to solid ratio (A), ultrasound time (B, min), ethanol concentration 
(C, %). The independent variables and their related codes and levels are displayed in 
Table 1. The experimental design consisted of 12 factorial experiments and 5 replicates 
of the central point (Table 2). The yield of triterpenoids was selected as the response 
for the combination of independent variables given in Table 2. In order to minimize 
the unpredictable effects in the observed responses, experimental runs were random. 
2.4.2 Mathematical Model 
The response surface models were fitted by means of least-squares calculation using 
the following second-order polynomial equation: 
Y= a0 + b1A + b2B + b3C + c12AB + c13AC + c23BC + d1A2 + d2B2 + d3C2        (1) 
Where Y is the predicted response; a0 is the interception; b1, b2 and b3 are the linear 
coefficients of solvent to solid ratio (A), ultrasound time (B) and ethanol concentration 
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(C), respectively; c12, c13, and c23 are the interaction coefficient of solvent to solid ratio, 
ultrasound time and ethanol concentration, respectively; d1, d2 and d3 are the squared 
coefficient of solvent to solid ratio, ultrasound time and ethanol concentration, 
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Statistical analysis was performed using the software Design Expert (Version 8.0.6, 
Stat-Ease Inc., Minneapolis, MN, USA). Additional confirmation experiments were 
subsequently conducted to verify the statistical experimental design. 
2.5 Determination of total triterpenoids content 
The total triterpenoids content was measured by the Vanillin-glacial acetic acid method 
31. Oleanolic acid was used as a standard. A standard curve (for triterpenoids) was 
obtained using UV analysis at a wavelength of 545 nm. The total content of 
triterpenoids was calculated from the standard curve. A linear correlation relationship 
between absorbance and concentration was obtained as shown in Figure 1b.  
The equation for the linear relationship is as follows: 
A = 6.22C - 0.0298, (R2 = 0.998)                                        (2) 
Where C (mg/mL) is the concentration of triterpenoids solution and A is the absorbance 
at 545 nm.  
Equation 2 was used to calculate the yield of triterpenoids: 
Y= (A + 0.0298) / 6.22 × v / m × 100 % (% w/w)                         (3) 
Where v is the total volume of extraction solvent (mL), and m is the mass of triterpenoid 
extract sample (g).  
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2.6 HPLC-Q-TOF-MS analysis 
As stated in the literature 32, in order to identify the compounds being extracted using 
ultrasound assisted method, a Fast High Performance Liquid Phase-Quadrupole Time-
of-Flight (Q-TOF) Mass Spectrometer (AB Sciex Triple TOF 5600+, AB Sciex, USA) 
was used. The mass range (m/z) of the instrument was 50-10000 m/z, and the resolution 
was greater than 40000. 
2.7 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 
A spectrophotometric method was used to analyze the antioxidant activity of 
triterpenoids on the basis of free radical DPPH according to previous papers with a 
slight modification 33. Firstly, 0.2 mM DPPH and samples with different concentrations 
from 0 to 600 µg/mL were prepared in ethanol solution. Then equal amount (100 µL) 
of DPPH and the sample was mixed. After 30 min at room temperature, the absorbance 
of all samples was measured at a wavelength of 517 nm using a microplate reader 
(spectra Max 190, Nano Drop, USA). The results were expressed as a percentage 
reduction absorbance shown by the sample with respect to the control DPPH solution 
(ethanol and DPPH solution).  
The formula used to calculate this is as follows: 
DPPH scavenging (%) = [(control absorbance – sample absorbance) / control 
absorbance] × 100.                                                   (4) 
2.8 Antimicrobial activity 
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The antimicrobial activity of the extract of triterpenoids against Escherichia coli 
(NW1014 (8099), Nanjing Maojie Microbiology Technology CO. LTD, Jiangsu, China) 
and Staphylococcus aureus (CMCC(B)26003, Shanghai Luwei Microbial SCI. & 
TECH. CO. LTD, China) was examined using the disc diffusion method 34. Firstly, five 
circular paper pieces with diameters of 8 mm were placed on agar plates. Two different 
bacteria (which had been cultured for 24 h) were inoculated on the agar plates.  
Different volumes of extract (2 µL, 4 µL, 6 µL, and 8 µL) were introduced to each paper 
disc; with the central disc void of extract to act as the control. The plates were incubated 
at 37°C for 24 h. The diameter of the zone of inhibition around each paper was used to 
determine the susceptibility of the extract. Both experiments were performed five times 
in parallel and the values were expressed as mean ± standard deviation (SD). 
2.9 Cell culture  
The L929 cell were cultured in a Modified Eagle’s Medium (MEM, Gino Biomedical 
Technology Co., Ltd., China) supplemented with 10% Fetal Bovine Serum (FBS, 
Gibco), 1% antibiotics (Penicillin 100 U/mL, Streptomycin 100 µg/mL). The Hela cells 
were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, Corning, USA) 
supplemented with 10% Fetal Bovine Serum (FBS, Gibco), 1% antibiotics (Penicillin 
100 U/mL, Streptomycin 100 µg/mL). All cells were cultured in an incubator in 5% 
CO2 at 37°C. 
2.10 Cell viability analysis (L929) 
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The effect of triterpenoids on L929 cell viability with a CCK-8 assay was investigated. 
Firstly, different amounts of the triterpenoid extract were added to the MEM medium 
to prepare medicated medium with concentrations of 0.01, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8 
mg/mL. L929 cells (grown in log phase) (100 µL) were introduced into 96-well plates 
and cultured for 24 h to adhere the cells. The original medium was removed and the 
medium containing the triterpenoid extract was replaced and cultured for 24 h.  
The medium was mixed with CCK-8 at a ratio of 10:1. After 24 h, the previous medium 
was removed and 100 µL of the mixture was added to each well and the plate was 
cultured in an incubator. The absorbance was measured with a microplate reader at pre-
determined time points. The cell survival rate was calculated as follows: 
Cell survival rate = [(As – Ab) / Ac – Ab）] × 100%                       (5) 
As: Experimental well (cell-containing medium, CCK-8, triterpenoid extract) 
Ac: Control well (cell-containing medium, CCK-8, no triterpenoid extract) 
Ab: Blank well (a medium free of cells and triterpenoid extract, CCK-8) 
2.11 Cell morphology observation (L929)  
As described previously 35 cells were obtained using the same procedure as stated in 
2.10. Following removal of the cells from the incubator, the medium was removed from 
the dish and the cells were rinsed with PBS. 4% paraformaldehyde was then added and 
then were agitated for 60 minutes at 60rpm. 0.1% Triton was then introduced to the 
cells and they were agitated for an additional 5 minutes at 60rpm. Following this 
treatment, the cells were rinsed 3 times with PBS; 5 minutes each time. Finally, the 
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cells were stained with two different fluorescent dyes; the cytoskeleton was stained with 
Phalloidin (P) for 20 minutes and 60 rpm and the nucleus was stained with DAPI for 5 
minutes at 60rpm. The final stained cells were then observed under a fluorescence 
microscope.  
2.12 Anticancer activity (Hela) 
The effect of triterpenoids on Hela cell viability was studied with a CCK-8 assay. The 
Hela cells were cultured in DMEM medium. The cell survival rate experimental set-up 
was as described in 2.10 and the Hela cell staining experiment steps were as described 
in 2.11.  
2.13 Statistical analysis 
All experiments were performed in triplicate and the results were expressed as mean 
value ± standard deviation. In this study, t-test and ANOVA tests were performed. The 
statistical analysis was carried out using Origin Pro 2017 and Excel 2016. Excel 2016 
was used to process the experimental data, and Origin Pro 2017 was used to organize 
the data into graphs. P < 0.05 was considered to be significant.  
 
3. Results and discussion  
3.1 Optimization of ultrasound-assisted extraction 
In recent years, UAE of compounds has been applied to a wide range of applications. 
UAE improves the mass transfer of the extraction process due to the cavitation effect 
in the material. When cavitation bubbles are generated and subsequently collapse, the 
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cell walls of the material are destroyed and this promotes the release of solutes 36. In 
this study, impact of four different factors (relative position of two ultrasound probes, 
solvent to material ratio, ultrasound time and concentration of ethanol) on triterpenoids 
yield was studied.  
3.1.1 Effect of relative position of two ultrasound probes 
As shown in Figure 1(a), the effects of different probe positions were compared in dual 
frequency; one is parallel and the other is vertical. The ultrasound power of both probes 
was 180 W operating at two different frequencies; 15 kHz and 20 kHz. Ultrasound 
treatment was carried out for 10 minutes and the solvent to material ratio was kept at 
1:50. 95% v/v ethanol was used and both ultrasonic probes were 4 cm from the extract.  
When the probes were kept in parallel, the yield of triterpenoids was 0.59 ± 0.01%. 
However, when the relative positions of the probes were vertical, the extraction rate 
increased by 47%; yielding 0.87 ± 0.04% of extract. Based on these results, the two 
ultrasound probes were kept in vertical position for the following experiments. 	
3.1.2 Effect of solvent to material ratio 
It is vital to optimize the solvent to material ratio as if it is too low, it will discourage 
mass transfer rate 37. On the other hand, a high solvent to material ratio can induce 
prolonged distance of diffusion towards the interior substance 38. This subsequently can 
interfere with its dissolution rate. Therefore, the optimal ratio needs to be established. 
The results were shown in Figure 2(a). The concentration of ethanol was 95% v/v. The 
ultrasound time was 10 min. Both probes had ultrasound power of 180 w. The 
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frequency was 15 KHz and the other was 20 KHz. The relative positions of the two 
ultrasound probes were vertical. Both ultrasonic probes are 4 cm away from the extract. 
From the Figure 2(a), it can be observed that when the solvent to material ratio was 
modified from 20:1 to 50:1 mL/g, the yield of triterpenoids improved gradually. Once 
the ratio was 60:1, the yield was constant; with no change upon using more solvent. 
Considering solvent savings, a ratio of 50:1 mL/g was selected as the optimum solvent 
to material proportion.  
3.1.3 Effect of ultrasound time 
The time of ultrasound treatment is also critical in this study. Here, the period of 
ultrasound application was varied between 1 and 30 minutes whilst all other factors 
were kept constant: Solvent to material ratio = 50:1, concentration of ethanol = 95% 
v/v, ultrasound power of both probes: 180 w and frequencies of 15 KHz and 20 KHz.  
Figure 2(b) demonstrates that when increasing the ultrasound time from 1 minute to 
10 minutes, the extraction rate gradually increased. When using an ultrasound treatment 
time of 10 minutes, the highest yield of triterpenoids was achieved (1.38 ± 0.04%). 
Prolonging the treatment time beyond 10 minutes caused the yield to decrease; 
indicating possible degradation of triterpenoids. There was a similar phenomenon when 
extracting quercetin in Nasturtium officinale 39. As a result of this, an ultrasound 
treatment of 10 minutes was selected as the optimal time.  
3.1.4 Effect of concentration of ethanol 
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The concentration of the solvent used in the extraction process may affect the extraction 
rate or the yield and therefore needs to be studied. Ethanol was chosen as the solvent in 
this study based on the principle of similar compatibility and that triterpenoids are polar 
compounds 40. Figure 2(c) shows that the concentration of the solvent does have an 
effect on triterpenoid yield. When ethanol concentration increased from 70 to 95% v/v, 
the yield of the extract increased from 0.52 ± 0.034% to 1.43 ± 0.0084%. These results 
can be described based on the “like dissolves like” theory: as the concentration of 
ethanol increased, the polarity of the solution also increased in turn increasing the 
extraction rate 41. A maximum triterpenoid yield was achieved when using an ethanol 
concentration of 95% v/v and this value was selected for all subsequent experiments. 
3.2 FTIR 
In order to study the effects of the relative position of dual-frequency ultrasound 
extraction on the structure of triterpenoids FTIR analysis was carried out. The resulting 
spectra is shown in Figure 3. Oleanolic acid was used as a reference and had several 
distinctive peaks. The peak at 3459 cm-1 corresponds to OH stretching bond, while the 
peak at 2293.98 cm-1 was as a result of a CH3-(aliphatic) asymmetric stretching 
vibration bond. Peaks at 2859.38 cm-1 and 1689.31 cm-1 were due to CH3- (aliphatic) 
symmetric stretching and CO stretching vibration bonds, respectively. The deformation 
for CH is seen as a peak at 1161.1 cm-1, and the asymmetric CH3-deformation peak can 
be observed at 1461.66 cm-1 42.  
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Here, single-frequency ultrasonic extraction, dual-frequency vertical ultrasonic 
extraction and dual-frequency parallel ultrasonic extraction. When compared to the 
reference, similar peaks can be observed for all three extraction methods. Peaks at 
2859.38 cm-1, 1868.31 cm-1 and 1461.66 cm-1 are consistent with oleanolic acid. One 
thing to note here the extracted triterpenoid content. As this is quite low, some peaks 
may not be identifiable due to weak transmission. Regardless, the FTIR results confirm 
that none of three extraction methods compromised the structure of the extracted 
triterpenoids.  
3.3 BBD for optimization of effective parameters 
The Box-Behnken Design (BBD) model was used to study any interactions between 
variables: solvent to solid ratio (A), ultrasound treatment time (B) and ethanol 
concentration (C). The optimal experimental conditions were determined from the BBD 
model. The second order quadratic model was expressed by the following equation.  
Y=1.21 + 0.079A + 8.750 × 10-3B - 0.022C + 2.500 × 10-3AB – 0.025AC + 0.010BC - 
0.078A2 - 0.058B2 - 0.14C2                                            (6) 
To verify the significance and adequacy of the model, an analysis of variance (ANOVA) 
was performed (Table 3). A high F-value (F model = 19.19) and a low probability value 
(P model = 0.0004) indicated that the model was significant. The lack of fit term was 
not significant (p value 0.2531), which suggested the model equation was sufficient to 
predict the yield of ultrasound extraction when the relative probe position was vertical. 
The high R2 valve (0.9610) implied that the experimental and predicted values 
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correlated highly. This means that 96.1% of the total variation in the response could be 
explained by the model 43. 
Figure 4 shows the 3D and 2D surface plots between every two independent variables.  
Figure 4(a) and (d) show three-dimensional and two-dimensional response surface 
plots for interactive effects of solvent to solid ratio and ultrasound time on response 
values at fixed ethanol concentration. When the ultrasound treatment time was fixed, 
the yield of triterpenoids rapidly increased with the increase of the solvent to material 
ratio. After reaching the optimal maximum, the yield slowly decreased. A similar trend 
was observed when fixing the solvent to solid ratio. From Figure 4(b) and (e), it can 
see that the effect of ethanol concentration on the yield of triterpenoids is not obvious 
when compared with the ratio of liquid to liquid. As shown in Figure 4(c) and (f), 
compared with the ultrasound time, the effect of ethanol concentration on the yield of 
triterpenoids is more significant. 
A variety of factors can be assessed using the Box-Behnken Design in order to select 
the suitable process parameters in practice 44. To assess the optimum conditions for the 
maximum yield of triterpenoids, three variables (solvent to solid ratio, ultrasound time 
and ethanol concentration) were set to the studied range. The Box-Behnken Design and 
analytical software suggested the optimal process conditions of ultrasound-assisted 
extraction of triterpenoids were as follows: a solvent to solid ratio of 55:28, 10.38 
minutes of ultrasound time and 94% v/v of ethanol concentration. The yield of 
triterpenoids under such conditions was theoretically predicted to be 1.23%. The 
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experiments at the predicted optimum conditions were carried out in triplicate. The 
average value was 1.15%, confirming the validity and adequacy of the model. 
3.4 Triterpenoid profiles by HPLC-Q-TOF-MS 
Representative HPLC chromatographs of triterpenoids extract obtained at optimized 
parameters are shown in Figure 5. Triterpenoid extract contained 10 major compounds. 
As shown in Figure 5(a), there was ganocochlearin B (peak 1), ganoderic acid I (peak 
2), lucidenic acid D (peak 3), ganoderenic acid D (peak 4), ganodernoid C (peak 5), 
ganoderic acid DM (peak 6) and ganodermic acid TQ (peak 7). In Figure 5(b), we 
could see ganoderenic acid D (peak 1), ganoderiol I (peak 2) and ganoderic acid C2 
(peak 3).  
These peaks show mainly the ganoderma triterpenoids in ethanol. Figure 6 shows the 
chemical structures of the components identified in ethanol. From these results, it was 
apparent that tetracyclic triterpenoids were the main compounds present in the ethanol 
extracts.  
3.5 The radical-scavenging activity 
The radical scavenging activity of the extracted compounds was evaluated by 
comparing the percentage inhibition of DPPH radicals between samples and the control. 
As seen in Figure 7, the scavenging activities increased with the increase in 
triterpenoids concentration. The percentage of scavenging was only 34.52 ± 1.41% 
when using a concentration of 100 µg/mL of triterpenoids. This increased and reached 
a maximum (61.09 ± 1.38%) when using a triterpenoid concentration of 600 µg/mL. 
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These results show that the extracted compound exhibited mild radical scavenging 
activity.  
3.6 Antimicrobial activity 
The antimicrobial activity of the extracted triterpenoids was assessed using two bacteria; 
Escherichia coli and Staphylococcus aureus and the resulting data is shown in Figure 
8. The control group was void of triterpenoids. It is clear to see that the diameter of the 
zone of inhibition increased as the concentration of triterpenoids increased. Figure 8(a) 
showed that when the volumes of triterpenoids were 2 µL, 4 µL, 6 µL, and 8 µL, the 
average inhibition zone diameter for E. coli were 10.34, 10.36, 11.04 and 11.69 mm, 
respectively. Similarly, Figure 8(b) shows the antibacterial activity of triterpenoids 
against S. aureus at different volumes. These studies revealed that the mean zones of 
inhibition were 10.65, 11.06, 11.74 and 11.83 mm for volumes of 2 µL, 4 µL, 6 µL, and 
8 µL, respectively. As can be seen in both Figure 8(a) and 8(b), when the volume of 
the triterpenoids was 6 and 8 µL, the diameter of the inhibition zone was significant (p
＜0.05). E. coli is a Gram-negative bacterium and S. aureus is a model Gram-positive 
bacterium. To date, most antibacterial medicinal plants are active against Gram-positive 
bacteria but very few against Gram-negative bacteria due to the difference in 
susceptibility between them 45. From these experimental results, triterpenoids have 
demonstrated broad-spectrum antibacterial properties and can therefore be used to 
develop new antibacterial drugs.  
3.7 Cell viability assays 
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Figure 9 highlights the effect of modifying triterpenoid concentration on cell viability 
of L929. Concentrations ranging from 10 to 800 µg/mL were studied. Figure 9(a) 
shows that increasing triterpenoid concentration from 10 to 200 µg/mL, cell viability 
also increased gradually; from 107.67% to 122.13%. This suggested that triterpenoids 
(concentration less than or equal to 200 µg/mL) had adequate biocompatibility with 
L929 cells. However, surpassing this optimal concentration saw cell viability decrease 
slowly, falling to 82.49% when assessing triterpenoid concentration of 800 µg/mL.   
This illustrates that the triterpenoids caused weak toxicity to L929 cells in high 
concentrations.  
In order to observe the effect of triterpenoids on L929 cell morphology, a fluorescent 
staining experiment was performed (Figure 9(b)). From the figure, it can be seen that 
the cells show a full oval or fusiform shape. When compared to the control, there is no 
significant difference in cell morphology following treatment with the extracted 
triterpenoids. Increasing extract concentration from 10 to 200 µg/mL resulted a 
significantly higher number of cells with smaller cell spacing, indicating good 
biocompatibility. Increasing the triterpenoid concentration to 800 µg/mL resulted in a 
reduced number of cells with a small number of round cells being present; further 
highlighting the toxicity of triterpenoids to cells at high concentrations.  
3.8 Anticancer activity (Hela)  
Among various cancers, cervical cancer is placed at second most common malignant 
tumor in women worldwide 46. As described by the other authors 47, G. lucidum 
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triterpenoid extract induces apoptosis in human colon carcinoma cells. Few studies 
have reported the effects of G. lucidum triterpenoids on cervical cancer in humans. In 
this study, the effect of different concentrations of triterpenoids on cell viability of 
Human Cervical Carcinoma Hela cells was evaluated. Extract concentrations ranged 
from 10 to 800 µg/mL. From Figure 10(a), it is clear to see that when the concentration 
of triterpenoids was low (i.e. from 10 to 100 µg/mL), cell toxicity was also weak and 
the cell survival rate increased. Cell viability was 99.98% when using a triterpenoid 
concentration of 100 µg/mL. However, cell viability decreased with increasing 
concentrations (≥ 200 µg/mL) of triterpenoids. At a concentration of 800 µg/mL, the 
cell survival rate was only 51.66%, demonstrating the potential anticancer properties of 
the extracted triterpenoids. 
Figure 10(b) presents fluorescent staining images under the effect of triterpenoids on 
L929 cell morphology. The morphology of cells treated by triterpenoids showed no 
significant difference to the control. The cells presented irregular fusiform morphology.  
When the concentration of triterpenoids was 100 µg/mL, there was no significant 
difference compared with the control but when assessing a concentration 800 µg/mL, 
the number of cells was significantly reduced and round cells were present; mimicking 
the results found with the cell viability results. 
When comparing the effects of triterpenoids on the viability of Hela and L929 cells, it 
can be concluded that when a low concentration of triterpenoids is used, it can promote 
normal cell growth and with weak inhibitory effects on Hela cells. When the 
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concentration of triterpenoids was high, it was weakly toxic to normal cells, but it has 
a significant inhibitory effect on Hela cells. Therefore, it’s a promising role as an 
effective chemotherapeutic agent against human cervical cancer.  
 
4. Conclusion 
Here, triterpenoids were successfully extracted from GLSP by using a dual ultrasound 
transducers-assisted method. RSM was used to optimize three different factors related 
to extraction; presenting the following optimal values: solvent to solid ratio: 55:28, 
ultrasound treatment time: 10.38 and ethanol concentration: 94% v/v. In addition, 9 
different compounds found in triterpenoids were confirmed by HPLC-Q-TOF-MS. The 
extracted triterpenoids demonstrated the inhibition of DPPH radicals, reaching a 
maximum (61.09 ± 1.38%) at concentration of 600 µg/mL. In addition to this, the 
triterpenoids extract showed broad-spectrum antibacterial properties (p＜0.05) on S. 
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Coded variable levels and outcomes for variables. 
Variables Coded levels of variables 
-1 0 1 
Solvent to solid ratio (mL/g) A 40 50 60 
Ultrasound time (min) B 5 10 15 
































 Experimental design and results for the Box-Behnken Model. 
 
Test run no. Coded levels of variables Yield of triterpenoids (%) 
 A B C 
1 1 1 0 1.17 
2 1 -1 0 1.15 
3 -1 1 0 0.99 
4 -1 -1 0 0.98 
5 1 0 1 0.99 
6 1 0 -1 1.13 
7 -1 0 1 0.90 
8 -1 0 -1 0.94 
9 0 -1 1 0.99 
10 0 -1 -1 1.01 
11 0 1 1 1.03 
12 0 1 -1 1.01 
13 0 0 0 1.25 
14 0 0 0 1.20 
15 0 0 0 1.18 
16 0 0 0 1.22 

































































AB 2.500E-005 1 2.500E-005 0.023 0.8848 
 
 
AC 2.500E-003 1 2.500E-003 2.26 0.1767 
 
 
BC 4.000E-004 1 4.000E-004 0.36 0.5669 
 
 
A^2 0.025 1 0.025 22.97 0.0020 
 
 
B^2 0.014 1 0.014 12.68 0.0092  
C^2 0.083 1 0.083 74.76 < 
0.0001 
 
Residual 7.755E-003 7 1.108E-003    
Lack of Fit 4.675E-003 3 1.558E-003 2.02 0.2531 Not 
significant 
Pure Error 3.080E-003 4 7.700E-004    





Figure 1 (a) Experimental setup of dual ultrasound extraction and (b) the standard 
absorption curve of oleanolic acid. 
Figure 2 The effect of ultrasound extraction variables on triterpenoid yield. (a) Effect 
of solvent to material ratio, 1 g GLSP extracted with 95% ethanol for 10 min. (b) Effect 
of ultrasound time, 1 g GLSP extracted with 50 mL (95%) ethanol. (c) Effect of 
concentration of ethanol. 1 g GLSP extracted with 50 mL ethanol for 10 min. Each 
measurement was carried out in triplicate. Each value represents a mean ± SD (n=3). 
Figure 3 FTIR spectra of the sample. U2: Single frequency ultrasound extraction; U1
⊥U2: Dual frequency ultrasound extraction and the position of the two probes was 
vertical; U1∥U2 *: Dual frequency ultrasound extraction and the position of the two 
probes was parallel.  
Figure 4 Three-dimensional and two-dimensional response surface contour plots 
showing the experiment factors and their mutual interactions on triterpenoids yield. 
Figure 5 Results of detection of triterpenoid extracts by fast high performance liquid-
phase quadrupole time-of-flight (Q-TOF) mass spectrometry. (a) 1. ganocochlearin B 
2. ganoderic acid I 3. lucidenic acid D 4. ganoderenic acid D 5. ganodernoid C 6. 
ganoderic acid DM 7. ganodermic acid TQ. (b) 1. ganoderenic acid D 2. ganoderiol I 3. 
ganoderic acid C2. 
Figure 6 The structural formula of the chemical composition shown in Figure 3. 
Figure 7 DPPH radical-scavenging activities of triterpenoids from GLSP. 
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Figure 8 Antibacterial activity of different volumes of triterpenoids against E. coli (a) 
and S. aureus (b). *p﹤0.05, significantly different from the control. 
Figure 9 (a) Cell viability of L929 cells with different concentrations of triterpenoids 
(10,50,100,200,400,600,800 µg/mL); (b) Fluorescent images of L929 cell morphology. 
a1- f1 were bright-field image and a2-f2 were merged image of cell morphology. a1, 
a2 were the control; b1, b2: the concentration of triterpenoids was 10 µg/mL; c1, c2: 
the concentration of triterpenoids was 50 µg/mL; d1, d2: the concentration of 
triterpenoids was 100 µg/mL; e1, e2: the concentration of triterpenoids was 200 µg/mL; 
f1, f2: the concentration of triterpenoids was 800 µg/mL. 
Figure 10 (a) Effect of triterpenoid concentration (10,50,100,200,400,600,800 µg/mL) 
on the cell viability of Hela cells by the CCK-8 assay. (b) Fluorescent images of Hela 
cell morphology. a1-c1 were bright-field image and a2-c2 were merged image of cell 
morphology. a1, a2 were the control; b1, b2: the concentration of triterpenoids was 100 
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